Introduction

55
The ductus venosus is an embryonic shunt located at the level of the liver that 56 connects the umbilical vein and the inferior vena cava [1;2] . The function of the ductus 57 venosus is to transport well-oxygenated blood directly to the heart [1;2]. The narrowest 58 part of the ductus venosus has been suggested to function as an active sphincter to 59 regulate the extent of shunting [1;3;4] . This sphincter mechanism would ensure fetal 60 adaptation to hypoxemia or stress.
61
The phases of ductus venosus flow velocity waveforms correlate in timing to 
Material and methods
89
Embryos
90
Mouse embryos were analyzed from embryonic day (E) 11.5 to 15.5. These embryonic 91 stages coincide with initial lymphatic developmental processes and the presence of 92 nuchal edema. Cardiovascular development is largely completed at E15.5. These 93 embryonic stages correlate with the timing of the visibility of nuchal edema in human 94 fetuses between 10 and 14 weeks gestational age.
95
Different knockout and one knockdown mouse models were investigated and 96 compared to wild-type (control) embryos (see Table 1 number of the various mutant mouse models (see Table 1 ).
125
Guidelines for care and use of mice, approved by the Department of Anatomy, in a high pressure cooker. The rack was cooled in bidistilled water and once the 159 pressure cooker was depressurized, the rack was placed on ice for ± 20 min. Next, 160 the slides were rinsed in PBS for 5 min.
161
All slides (SMA, Ncam1 and Pecam1) were blocked in Tris-sodium buffer (1M Tris, 162 1.5M NaCl, adjusted to pH 7.4 using HCl) with 0.5% blocking reagent for 30 min. were analyzed by microscopy using Leica DFC 320. in all examined mutant and wild-type embryos at E11.5-15.5 (see Table 2 and Figure   208 3). 
237
The pathophysiological mechanism explaining this relationship is unknown. Abnormal We have examined a great diversity of different mouse models in this study. Although 296 we did not observe different staining results in the mouse models as a group, it can 297 not be excluded that if more embryos from a more uniform population were examined, 298 some more subtle differences in for example SMA expression could be detected in the 299 ductus venosus. In order to translate our findings in mouse models to the human situation further 308 research on ductus venosus morphology in euploid and aneuploid human fetuses with 309 increased NT is required. Preferentially, ductus venosus ultrasound assessment in 310 human fetuses followed by morphological examination of the nuchal area, heart and 311 ductus venosus is needed.
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In conclusion, this study shows that cardiac defects, nuchal edema and abnormal 
